Summary. The inner ear is unique in the number and variety of specialized microvascular networks that furnish blood to its parts. Four distinct capillary networks arranged in parallel supply the structures of the outer wall, and four others those of the spiral lamina. Most of the capillaries are surrounded by pericapillary spaces favoring filtration and reabsorption of fluid. In the guinea pig those of the spiral prominence and outer sulcus show a special pericapillary tissue. The strial capillaries are larger in diameter and are closely invested by strial cells. The blood within them has a higher hematocrit and flows more slowly than elsewhere in the labyrinth.
branches of the internal auditory or labyrinthine artery, which belongs to the basilar rather than to the carotid system, and springs usually, but not always, from the anterior inferior cerebellar artery.
Special Featt:res of the Labyrinthine Circulation
To the classical description of the labyrinthine artery as given by Siebenmann (I894), important observations have been added by Nabeya (1923) , Fisch (1969) , and Mazzoni (1969) concerning its plural nature and the variations in its origin and branching pattern. Mazzoni (1971) has also shown that it Supplies not only the inner ear and the nerves and dura lying within the internal meatus, but that portion of the petrous bone as well which immediately surrounds the meatus.
The distribution of the vestibular branches of the labyrinthine artery and the patterns of the capillary networks intimately associated with the utricular and saccular maculae and the ampullar cristae, have been described by Scuderi and del Bo (1952) , by C. A. Smith (1954 Smith ( , 1973 , and by the present author (1968); hence they need not be reviewed here. The course of the branches supplying the cochlea, and the capillary networks into which they break up, have also been traced by these authors and by Axelsson (1968) , among others, Within the modiolus are to be found the cochlear plexus of Balogh and Koburg (1965) , the significance of which is still to be determined, and the thin-walled "glomeruli" of Schwalbe (1887) , vessels which Kimura and Ota (1974) have shown to be fenestrated like those of the renal glomeruli. At intervals, branches arise from the spiral modiolar artery, which immediately divide to supply a) the structures of the lateral wall, anb b) the structures of the spiral lamina and the spiral ganglion. If we examine the familiar cross-section of the cochlear duct in the guinea pig, we see these minute vessels in the spiral ligament and stria vascularis, as well as in the spiral limbus and beneath the tympanic lip and pars acuata of the basilar membrane. None are to be seen beneath the pars pectinata, and none in the organ of Corti itself.
Microvasculature of the Lateral Wall
The vessels of the lateral wall arise from radiating arterioles, which arch over the ceiling of scala vestibuli to the upper margin of the spiral ligament. Some of them can be seen in a dissection of the guinea pig cochlea in which they are stained with benzidine ( Fig. 1) . In the same type of preparation we can examine the four distinct networks of capillaries that supply these tissues: a) the suprastrial capillaries of the spiral ligament; b) the capillaries of the stria vascularis; c) the longitudinal vessels of the spiral prominence; and d) the vessels that pass downwards behind the stria in the substance of the spiral ligament to the floor of the outer sulcus (Fig. 2) . The vessels of the spiral ligament are smaller and more numerous than those that enter the stria vascularis. It is important also to recall that the four networks are arranged in parallel, and not in series as are the glomerular and tubular capillaries of the kidney. Furthermore, we have found no evidence of cross-connections between them. Their general pattern may be examined also in osmic acid-stained specimens from the Only two large vessels enter the strial network, one at the extreme upper left, the other at -~. Of the other branches of the radiating arterioles, some go to the spiral prominence ~, others to the outer sulcus ~'. Depending upon their proximity to the stria, they are called adstrial or poststrial capillaries of the spiral ligament. Longitudinal vessels (venous capillaries) are seen below the insertion of the basilar membrane I'. Guinea pig, basal turn, benzidine stain [From Hawkins et al., Laryngoscope 82, 1091 --1104 (1972 1 guinea pig, which have the advantage over material injected with contrast media or stained with benzidine, in that they make it possible to study the relations between the capillaries and the surrounding tissues.
The suprastrial vessels have generous pericapillary spaces, favoring filtration and reabsorption of fluid, whereas the strial vessels are closely invested by the marginal and intermediate strial cells. A curious feature of the strial vessels is the dense packing of the red blood cells within them. The hematocrit here is extraordinarily high, and we know from Perlman and Kimura (1955) t h a t t h e blood flow is much slower than in the vessels of the spiral ligament. The same contrast is seen between the strial vessels and those of the spiral prominence, where again the red cells move in single file without tight packing (Fig. 3) .
Some of the vessels that pass behind the stria descend so closely in contact with i~s basal cell layer that they deserve a special designation (Fig. 4) . I like to refer to them as adstrial capillaries, and thus to distinguish them from the remaining des- Fig. 3 . Capillaries of the stria vascularis, SV, and spiral prominence, SP. Polygonal outlines of the marginal cells of the stria are seen between its anastomosing capillaries. Note differences in pattern, caliber, and degree of filling of the capillaries of the stria and the spiral prominence. Guinea pig. OsQ cending vessels of the spiral ligament, the poststrial capillaries. Neither fulfills the criteria for arterio-venous shunts, a name frequently given to them, but erroneously (Hawkins, et al., 1972) .
Beneath the floor of the outer sulcus, the descending vessels form an alternating Pattern with the root cells (Wurzelzellen). Under the electron microscope some of these vessels are seen to be surrounded by an interesting pericapillary tissue, the cells of which have interdigitating processes suggesting a secretory or reabsorptive function (Fig. 5) . The vessels of the spiral prominence are similarly surrounded, and presumably have a similar reabsorptive role. Indeed, it appears not unlikely that the outer sulcus vessels with pericapillary tissue may be continuations of the prominence capillaries rather than of adstrial or poststrial vessels.
Microvasculature of the Spiral Lamina
Among the vessels of the spiral lamina, we find again four sets of capillary networks in parallel: those of the limbus, the spiral ganglion, the tympanic lip, and the basilar membrane. They are chiefly in the form of arcades, a fact that we cannot appreciate when we look at a cross-section of the tympanic lip showing the inner and outer spiral vessels. Their arrangement is much clearer in a dissection from a benzidinestained guinea pig cochlea (Fig. 6) . The outer and inner spiral vessels (Axelsson's vessel of the basilar membrane, and vessel of the tympanic lip, respectively) are surrounded by generous pericapillary spaces. There is also a remarkably close relation between the latter vessels and the bundles of cochlear nerve fibers as they emerge from the habenula perforata and lose their myelin sheaths on their way to the organ of Corti. Occasionally a thin, beaded nerve fiber, presumably of adrenergic character, is seen to pierce the basilar membrane ~and to accompany the vessels, making frequent contacts with them (Hawkins, 1973; Wright, 1976) . Lawrence (1973) has made extensive cinematographic studies of the blood flow in the vessel of the basilar membrane in the basal turn of the guinea pig cochlea. He has been particularly concerned with the effects of changes in blood flow on the function of Corti's organ as revealed by the cochlear potentials recorded from microelectrodes placed within the tunnel of the Nuel spaces, tlis films can also be enjoyed from the point of view of pure microvascular aesthetics. Recent evidence that he has obtained in experiments involving temporary anoxia suggests the presence of autoregulatory mechanisms controlling the cochlear blood flow similar to those govern- Fig. 6 . Capillary patterns of the spiral ligament and stria SV, and the arcades of the spiral lamina and limbus L, on either side Of the avascular portion of the basilar membrane BM. VV, veins descending from spiral ligament. Guinea pig, basal coil, benzidine stain ing the cerebral blood supply. We know that there are no vasomotor nerves reaching the vessels of the outer wall, and that vasomotion has not been demonstrated (Naumann, 1965) . Presumably some form of local hormonal control is present, but we know almost nothing about its nature. The fact, however, that salicylates, like quinine, can cause constriction of cochlear capillaries of the spiral ligament and basilar membrane (Hawkins, 1967) , together with the fact that the inhibition of prostaglandin synthetase is inhibited by salicylates, suggests that prostaglandins may be involved in the control of the patency and tone of the cochlear mierovasculature.
Mechanisms of Regulation of Blood Flow
Among the vascular areas we have considered, one that appears to deserve more attention than it has received heretofore is the suprastrial portion of the spiral ligament located immediately above the insertion of Reissner's membrane. We have observed injury to this region in animals treated with aminoglycosides or exposed to intense noise, as well as capillary vasoconstriction after noise exposure and after treatment with salicylates or quinine. It seems, however, highly improbable that injury to the vessels of this area, which appear to be largely responsible for the formation of the perilymph as a filtrate of the plasma, or any other microvascular lesion, could of itself be primarily responsible for initiating the pathophysiological events that characterize Meni~re's syndrome.
Microvasculature of the Endolymphatic Sac
The endolymphatic sac is supplied, according to Bast and Anson (1949) , not by the labyrinthine artery but by branches of the posterior meningeal. The folded epithe lium of the rugose portion overlies a highly vascular connective tissue. The sac is surrounded by a dense network of capillaries and venous sinuses, draining directly into the lateral sinus. In the intermediate and distal positions of the endolymphatic sac of the guinea pig, Lundquist et al. (1964) have described capillaries with fenestrated endothelium resembling that of the renal glomerular vessels. Atrophic changes resulting from devascularization of the sac with aging could conceivably be a contributory factor in the etiology of Meni~re's syndrome, but there is insufficient evi dence as yet to demonstrate such a causal relationship.
